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ABSTRACT 
Fluid flow velocity in physics can be found on the principle of venturi meter. The Fluid flow 
concept is easy to understand if visualized. We need a learning media of fluid velocity, so the 
concept can understanding. Design of this tool aims to help students understand the fluid flow 
velocity. Data is taken automatically by Arduino-based water flow sensor, with speed change 
at the speed knop. Based on the design result of the tool which can be obtained by measuring 
the fluid flow velocity at a speed greater than 0.36 m/s, and proved by graph analysis 
logarithmic between velocity values of magnitude theory (Vtheory = 0.5x + 0.7934 m/s ) and tool 
speed (Vtool = 0.5825x + 1.129 m/s). The speed difference between the theory and the tool 
indicates the magnitude of the frictional speed due to the turbulent flow. So it can be concluded 
the design of this tool can be used as a learning media  to help students in understanding the 
topic of fluid. 
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1. Introduction 
 
Physics is one branch of science that studies the physical phenomena that can be utilized in 
everyday life. Physics is a systematic and unified science. Systematic because one product is related 
to the other product, and fused because of the product with one another support each other 
(Sutarto and Indrawati, 2010). The nature of the physical matter itself is constituted by concrete 
and abstract concepts. Abstract physics material is most difficult to visualize, it makes physics 
concept difficult to learn by a student. 
 
The physical sciences can be studied by analytical and practical. An analytical analysis is usually 
given at the time by the learning process, and to provide the concept can be done by an experiment 
based on the theory that already obtained. With practical work, students not only understand 
theoretical physics but also knowing and observing the phenomenal physical happens in as well as 
their application in everyday life. It is as expressed by Roestiyah (2012) that students with 
experimental activities, able to search and find the answers to the problems faced and can be 
trained in a scientific way of thinking so it can improve learning outcomes. 
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According to Azhari & Soeharwinto (2015), through experimental methods with direct teaching can 
attract students to participate in experimental activities during the learning process and students 
can express their opinions about the concepts and they have discovered during the experimental 
process, so students are easier to accept and understand the concepts. 
 
The fluid material is one of the subjects in the study of physics that there are many abstract 
concepts. Such as the speed of liquid flow by applying the working principle of the venturi meter. 
The abstract nature of the material will be easily understood if it be avowed with daily experience 
visualized in the learning so that the necessary media that allows the practice of the topic material 
fluid for the concept of the fluid theory is easily understood (Ayub, 2015). 
 
Computer-based learning media is indispensable because the media computer has characteristics 
that are easily understood and used for learning. Nowadays computer media gets increasingly 
demand and more and more used in the study because it has the advantage that is the presentation 
of the material more effectively and efficiently, increasing the interest of students to learn because 
you can display visually, audio material, and kinesthetic, look attractive because it can be modified 
according to needs, allows students to interact directly and raises the creativity of students 
(Musfiqon, 2012). This media was created to address the limitations of either the object or situation 
so as to keep the learning process going well. Learning media is a very useful tool for students and 
educators in the process of learning and teaching. The function of the media study among others 
(Arsyad, 2009): Evoking motivation of study, providing stimulus learning, enable student response. 
 
The problems experienced by the student that is learning how to solve dynamic with fluid formula 
without supported by an analytical support learning in science. In the design of this research is 
expected to help the students understand about fluid dynamic specifically measure the velocity of 
the fluid flow rate is presented in the form of data, so that students not only solving problem but 
also can prove by practical work, with the use of the draft instrument to measure fluid flow velocity 
of liquid substances. The design of the tool is made so that in the process of teaching and learning 
of dynamic fluid material can be understood by students so that students can understand the fluid 
dynamic teaching method. 
 
The fluid material can be divided into 2, namely static fluid and dynamic fluid. Static fluid is a liquid 
substance that is in a stationary and immobile condition, while dynamic fluid is a moving liquid or 
gas. To facilitate the study, the fluid here is considered steady (having a constant velocity over time), 
unencumbered (unchanged volume), not thick, not turbulent (no spinning). 
The dynamic fluid has several equations used to study, Bernoulli's Law and the equations of 
constituency. The law of Bernoulli is a law based on the energy conservation experienced by the 
fluid flow as in Figure 1. This law states that the amount of pressure (p), kinetic energy per unit 
volume, and potential energy per unit volume have the same value at each point along a line 
current. If expressed in the equation, 
 𝑃ଵ +
ଵ
ଶ
𝜌𝑣ଵଶ + 𝜌𝑔ℎଵ = 𝑃ଶ + 
ଵ
ଶ
𝜌𝑣ଶଶ + 𝜌𝑔ℎଶ. (1) 
Based on Eq. (1), P1 is the pressure on tube 1, P2 is the pressure on tube 2, ρ is the water mass of 1 
g/cm3, the velocity of tube 1, the velocity of water in tube 2, g is the acceleration of gravity, h1 
represents the water level in tube 1, h2 represents the water level in tube 2. 
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Figure 1. Bernoulli Pipe. 
 
Researchers wanted to measure the fluid flow rate of liquid by applying the principle of venturi 
meter. Venturi meter is a tool to measure the difference in fluid flow velocity in a narrowed pipe 
(Ramadhan , Y., Ramelan, & Sumbodo, W. 2014). Pipe flow is faster if it passes a small cross-
sectional area compared to large cross-sectional area. The pressure is great as it passes through a 
large cross-sectional area and a small pressure as it passes through a small cross-sectional area. 
 
Venturi meter as in Figure 2 is a tool called venture pipe. Venture pipe is a pipe that has a narrow 
section of the middle section and laid flat with a pipe controller to determine the surface of the 
existing water so that the amount of pressure can be calculated. 
 
 
Figure 2. Venturi meter scheme. 
 
Bernoulli equation on horizontally venturi meter pipe ℎଵ − ℎଶ = ℎ can be obtained equation 
 𝑃ଵ − 𝑃ଶ =
ଵ
ଶ
𝜌(𝑣ଵଶ − 𝑣ଶଶ). (2) 
Based on Eq. (2), the difference between P1 and P2 is equal to hydrostatic pressure as high as h, thus 
can be obtained, 
 𝑃ଵ − 𝑃ଶ = 𝜌𝑔ℎ. (3) 
On hydrostatic pressure equation and in Bernoulli's Law with the same height so that the equation 
can be obtained, 
 𝜌𝑔ℎ = ଵ
ଶ
𝜌(𝑣ଵଶ − 𝑣ଶଶ) (4) 
is substituted into Eq. (4), and velocities v1 and v2 can be written as the equations below, 
 𝑣ଵ = ඨ
ଶ௚௛
ቀಲభಲమ
ቁ
మ
ିଵ
 , (5) 
 𝑣ଶ = ඨ
ଶ௚௛
ଵିቀಲభಲమ
ቁ
మ . (6) 
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2. Materials and Method 
 
 
Figure 3. Scheme of Arduino-based venturI meter design. 
The design of liquid fluid flow measurement tool by using Arduino-based venture meter is made as 
in Figure 3. The design scheme works by flowing water from a water pump that pushes water into 
the venturi meter pipe, while the faucet serves as the desired water volume regulator so that the 
flow rate of the water can be changed as desired. The pressure on the larger pipe is smaller than 
the pressure of the small pipe indicated by the height difference in the q1 and q2 pipes. Furthermore, 
water from a large pipe goes into a water flow sensor that measures the velocity of a small pipe. 
speed on a small pipe, the measurement results on the water flow sensor can be seen on the 
monitor screen. While the design of the tool can be seen in Figure 4. 
 
Venturi meter tube is made by using pipe with diameter size ହ
଼
 inch and ଵ
ଶ
 inch. On the 
interconnection of the pipe connected to the water flow sensor connected to the Arduino. The 
Arduino microcontroller functions to convert the recording from sensor (Setyowati, 2017) . 
Measurement the velocity of the fluid flow it is necessary to command the encoding into the 
Arduino. 
 
Water flowed into the pipe is used a 32W aquarium water pump by rotating an arc-mounted knop 
/ valve on one of the ହ
଼
 inch venturi meter pipes as the tap on and off for the flow of water into an 
½ inch venturi meter tube and as a speed modifier starting from the smallest angle of 100 to 900. 
After the water flows through the water flow sensor YF-S201 connected to the Arduino, at that 
moment the sensor notes the speed on the second pipe shown on the laptop screen. By observing 
the height for each angle, the flow velocity can be read on the ହ
ଵ଺
 inch aquarium hose. 
 
3. Results and Discussion 
  
Tool’s design in real can be seen as Figure 4a. Measurements on Δh are performed several times 
with transient opening/knob gradually from 100–900, to produce the average of Δh. Based on the 
column vtheory obtained from the calculation by using the formula v2 in equation (6). While for the 
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vtool obtained from Arduino measurements listed on the monitor screen. The data of gradient 
acceleration measurement in Salatiga was done by simple swing of pendulum, it was found 9.793 
m/s2, while for measurement of diameter of pipe 1 and pipe 2 obtained the measurement 0.0155 
m and 0.0185 m by using sliding term. 
 
 
Figure 4a. Design of venturi meter. 
 
 
Figure 4b. Arduino’s command program from www.arduino.ac. 
 
From Table 1 the results of the measurements are made graph to know the comparison between 
Δh, Vtheory, and Vtool as in Figure 5. Based on Figure 5 there is a difference between Vtheory and Vtool 
far enough. This is because equation (6) is an ideal equation which does not take into account 
friction and turbulence, hereinafter referred to as VA. Therefore when both factors are taken into 
account, then Vtool = Vtheory–VA. 
 
Based on Eq. (6), 
 𝑣ଶଶ =
ଶ௚
ଵିቀಲభಲమ
ቁ
మ × ℎ × 𝑉஺ . (7) 
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Value of ଶ௚
ଵିቀಲభಲమ
ቁ
మ is constant and stated as c, thus equation (6) will be 
 𝑣ଶଶ = 𝑐 × ℎ × 𝑉஺ , (8) 
 2 log 𝑣 = log 𝑐 + log ℎ + log 𝑉஺. (9) 
log(c) results constant C and log(VA) yields constant A, then becomes the following equation: 
 2 log 𝑣 = 𝐶 + log ℎ + 𝐴. (10) 
In Eq. (10) the sum of the constants C and A is called the constant B1 
 2 log 𝑣 = log ℎ + 𝐵ଵ,  
 log 𝑣 = ଵ
ଶ
log ℎ + ଵ
ଶ
𝐵ଵ.  (11) 
Value of ଵ
ଶ
𝐵ଵ is constants B2, that is a friction and turbulent factor. 
 
Table 1. Measurement result. 
No. Corner (o) 
Δh 
Rate 
(m) 
Vtheory 
(m/s) 
Vtool rate 
Readable 
(mL/s) 
Konversion 
(m/s) 
1 10 0.000 0.0 0.0 0.00000 
2 15 0.005 4.4 0.0 0.00000 
3 20 0.019 8.5 1.5 0.00057 
4 25 0.054 14.5 9.5 0.00325 
5 30 0.056 14.6 14.5 0.00538 
6 35 0.121 21.6 21.5 0.00801 
7 40 0.328 35.6 28.7 0.01067 
8 45 0.519 44.8 36.5 0.01359 
9 50 0.574 47.1 38.2 0.01421 
10 55 0.662 50.5 41.4 0.01542 
11 60 0.746 53.7 44.7 0.01664 
12 65 0.853 57.4 46.8 0.01741 
13 70 0.899 58.9 49.9 0.01856 
14 75 0.939 60.2 51.2 0.01906 
15 80 0.941 60.3 51.4 0.01913 
16 85 0.942 60.3 51.5 0.01917 
17 90 0.944 60.4 51.6 0.01921 
 
 
Figure 5. Graph of log Δh on log Vtheory and log Δh on Vtool. 
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Based on the results of measurements in Table 1 in columns Δh, Vtheory and Vtool, then approached 
with logarithms to obtain the results as in Table 2. Based on Table 2, then graphed to obtain the 
graph as in Figure 6. 
 
Based on Figure 6 the blue dot is a graph of log(Δh) and log(Vtheory) which is graphed in Table 1. 
While on the gray line is a graph of log Δh and Vtool that is graphed in Table 1, To illustrate the fluid 
flow in the venturi meter tool, the linear line of magnitude is log(v) = 0.5825 log(Δh) + 1.129 m/s 
hereinafter referred to as the value of the log(Vtool). 
 
Table 2. Result of log from Δh, Vtheory, dan Vtool. 
No log(∆h) log(Vtheory) log(Vtool) 
1 0.000 0.000 0.000 
2 -0.301 0.000 0.000 
3 0.275 0.931 0.754 
4 0.735 1.161 1.546 
5 0.745 1.166 1.731 
6 1.083 1.335 1.903 
7 1.516 1.551 2.028 
8 1.716 1.673 2.133 
9 1.759 1.673 2.154 
10 1.821 1.704 2.188 
11 1.873 1.730 2.211 
12 1.931 1.759 2.240 
13 1.954 1.770 2.268 
14 1.973 1.780 2.280 
15 1.973 1.780 2.281 
16 1.974 1.780 2.282 
17 1.975 1.781 2.283 
 
 
 Figure 6. Graph of log Δh on log(Vtheory) and log(Δh) on Vtool. 
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The value of log(Vtheory) and log(Vtool) there is a difference at the y-axis intersection point indicating 
the value of ଵ
ଶ
𝐵ଵ of Eq. (11), of 1.129. The value is the sum of the constants C and VA as in Eq. (10), 
where C is the logarithm value of ଶ௚
ଵିቀಲభಲమ
ቁ
మ as in Eq. (7) which has value 38.617. VA value is the velocity 
of the fluid flow resulting from friction and turbulence of the apparatus. So in getting that value of 
VA = 1.129–38.617, the value of friction and turbulence of the tool obtained from the reduction of 
ଵ
ଶ
𝐵ଵ − 𝐶 value. The flow turbulence in the designed venturi meter is due to the encounter on the 
large pipe to the small pipe at point K. At that point there is an uneven or unconventional joint but 
an angle of 900. Whereas the friction factor is caused by friction between the water flow and the 
venturi meter tube , so the difference between Vtheory with Vtool adrift far enough as in Figure 7. 
 
Figure 7. Venturi meter pipe with pipe connection that form 900 angle. 
 
4. Conclusion and Remark 
 
From the results of this tool venturi meter design tool can be used as a medium to help students in 
understanding the fluid material. In the design of this venturi meter tool, a device can be used to 
calculate the fluid flow velocity in units of ml/s in this device there is friction speed caused by 
turbulence and fluid friction of VA = 1.129–38.617. Minimize the friction speed, it is advisable to use 
a pipe with a sloping or curved spindle, so as to minimize turbulence in the fluid flow.  
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